Abstract. Intrauterine adhesion (IUA) is one of the most common diseases of the reproductive system. Due to the high postoperative recurrence rate of IUA, it is crucial to identify the possible causes of pathogenesis and recurrence of this disease. In the present study, a high-throughput sequencing approach was applied to compare the vaginal microbiota between healthy women [healthy vaginal secretion (HVS) group] and patients with IUA [intrauterine adhesion patients' vaginal secretion (IAVS) group]. The results indicated that IUA had little effect on the number of vaginal bacterial species. However, at the phylum level, patients with IUA had a significantly lower percentage of Firmicutes and a higher percentage of Actinobacteria than the HVS group (P<0.05). At the genus level, ~50% of patients with IUA were found to have a marked reduction in probiotic Lactobacillus accompanied by an overgrowth of pathogenic Gardnerella and Prevotella (P<0.05), and the Principal Coordinates Analysis confirmed that 10/20 samples in the IAVS group were scattered far away from the HVS group. Therefore, it was concluded that the interaction between IUA and vaginal microbiota greatly influenced the vaginal diversity of patients with IUA. In order to increase the recovery rate and lower the recurrence rate of IUA, increasing the vaginal Lactobacillus population should be considered.
Introduction
Intrauterine adhesion (IUA) is an acquired uterine condition characterised by the formation of scar tissue inside the uterine cavity, which, in many cases, results in adherence to the opposing endometrium (1, 2) . Risk factors including age, myomectomy, obesity, delivery, pelvic infections and genital tuberculosis can increase the morbidity of IUA (1), and IUA can cause amenorrhea, abnormal uterine bleeding, sterility, consecutive spontaneous abortions, menstruation and abnormal placentation (3, 4) . Over the past two decades, the increased use of curettage and/or dilation has led to an increased prevalence of IUA. Furthermore, the recurrence of adhesion remains high, and curing IUA is challenging in patients with moderate to severe IUA (5) .
Vaginal secretions and vaginal epithelial cells provide a rich source of nutrients that support bacterial growth (6) , and the vaginal microbiota is made up of an extensive and varied spectrum of pathogenic and non-pathogenic organisms (7) . The bacterial population present in the lower genital tract of females plays a key role in maternal and neonatal health. The normal vaginal microbiota in healthy women should be dominated by Lactobacillus species, with abnormal microbiota characterised by a low number of lactobacilli and a high number of anaerobic bacteria, such as Gardnerella vaginalis, Prevotella and Mobiluncus (8, 9) . Moreover, previous studies have indicated that vaginal dysbacteriosis is strongly related to postpartum endometritis, preterm delivery, pelvic inflammatory diseases, spontaneous abortion and the delivery of low birth weight infants (10) (11) (12) .
Based on our knowledge, the pathological changes of IUA are bound to influence the physiology and metabolites in the uterus, which will cause side effects in the adjacent vaginal tissue and influence the vaginal microbial diversity. Therefore, whether IUA could also disrupt the microbial composition in the vagina, and if the presence of certain bacteria in the vaginal tract could affect the pathogenic condition of IUA was investigated. To answer these questions, 80 women with and without IUA were studied. Specifically, the microbial diversity between healthy women and women with moderate IUA were compared using high-throughput sequencing. Participants had no diagnosed endocrine or autoimmune disorders, cancer, severe pelvic adhesion, hysteromyoma, endometriosis, adenomyosis or acute inflammation. Self-administered vaginal swabs were used to collect vaginal specimens, which were immediately stored at -80˚C for DNA extraction (Table I) .
Patients and methods

Ethics
Extraction of genomic DNA and high-throughput sequencing.
For the extraction of bacterial DNA from vaginal samples, the combination of genomic DNA kits (Tiangen Biotech Co., Ltd., Beijing, China) and the bead beating method were used (13) , and the concentration and quality of purified DNA was determined via a spectrophotometer at 230 nm (A230) and 260 nm (A260; NanoDrop; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The V4 region of the 16S ribosomal (r)DNA genes in each sample was amplified using SYBR Green Master mix (Qiagen GmbH, Hilden, Germany) and 515F/806R primers (515F, 5'-GTG CCA GCM GCC GCG GTA A-3'; 806R, 5'-GGA CTA CVS GGG TAT CTA AT-3'). PCR was conducted as follows: 98˚C for 2 min, followed by 30 cycles of 98˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec. PCR products were sequenced with an IlluminaHiSeq 2000 platform (GenBank accession no. SRP155123; Illumina, Inc., San Diego, CA, USA) (14) .
Bioinformatics and multivariate statistical analysis. Paired-end reads from the original DNA fragments were processed using Cutadapt (version 1.9.1, http://cutadapt.readthedocs. io/en/stable/) and UCHIME Algorithm (http://www.drive5. com/usearch/manual/uchime_algo.html) (15) . Sequence analysis was subsequently performed using the UPARSE software package (version 7.0.100, http://drive5.com/uparse), and sequences with ≥97% similarity were assigned to the same operational taxonomic units (OTU). Then, QIIME software (version 1.9.1, http://qiime.org/) was used to analyse the α-diversity (within samples, indexes of observed-OTUs, Chao1, Shannon, Simpson, abundance-based coverage estimator metric, good's-coverage) and the β-diversity [among samples, principal component analysis, principal coordinates analysis (PCoA) and nonmetric multidimensional scaling] (16,17).
The cluster analysis was preceded by determination of the weighted UniFrac distance using the QIIME software package (version 1.8.0) (18) , and partial least squares discriminate analysis (PLS-DA) was preceded by the use of SIMCA-P software (version 11.5; Umetrics; Sartorius Stedim Biotech, Malmö, Sweden), and differently abundant taxa identifications were compared using linear discriminant analysis effect size (LEfSe) analysis (Galaxy; http://huttenhower.sph.harvard. edu/galaxy/) (19) . The statistical significance was set at P<0.05 for correction of multiple comparisons.
Results
Baseline characteristics of participants. Between November 2017 and June 2018, 80 women were recruited to either the IAVS group (50 patients with IUA) or HVS group (30 healthy women), and the baseline characteristics of patients in the two groups were similar (Table I ).
All participants were thoroughly informed about their conditions, and the IAVS and HVS groups were well balanced with no marked differences. The age, age at first sexual intercourse, number of abortions, complete curettage of the uterine cavity, number of deliveries and degree of uterine adhesion are summarised in Table I . The vaginal samples of women with no IUA and those with mid-grade IUA were used for high-throughput sequencing.
Sequencing coverage. To compare the microbial diversity between HVS and IAVS groups, 16S rRNA amplicon sequencing analysis was applied to sequence the V4 hypervariable region of bacteria. Data were obtained by filtering the raw data, and sequences with >97% similarity were cultured to the same OTU. In total, 3,051,883 filtered clean reads (76,297.08 reads/sample) and 12,266 OTUs were obtained from all samples, with an average of 306.65 OTUs per group (Table II) .
α-Diversity of the microbial community in the HVS and IAVS groups. As presented in Fig. 1 , the results for the observed species, Shannon index and Simpson index indicated that IUA had little effect on the α-diversity of the vaginal microbial community between HVS and IAVS groups, with 1,540 and 1,360 OTUs in the HVS and IAVS groups, respectively. The percentage of common OTUs was 71.95% (1,108/1,540) and 81.47% (1,108/1,360), respectively. Fig. 2 a significantly lower percentage of Actinobacteria compared to the IAVS group (P<0.05; Fig. 2B ). Fig. 2 , the top 10 genera were analysed, with Lactobacillus revealed to account for >97% in most samples in the HVS group (Fig. 3A) . For patients with IUA, the uterine disorder markedly reduced the percentage of Lactobacillus, but greatly enhanced the percentage of Gardnerella and Prevotella. Statistical analysis revealed β-Diversity of the microbial community in the HVS and IAVS groups. PCoA of the HVS and IAVS groups was carried out to explore differences in the microbial diversity between groups. As presented in Fig. 4 , most samples in the HVS group were clustered together on the right, while 50% of samples (10/20) were scattered far away from the HVS group, indicating that IUA greatly altered the vaginal microbial diversity of IUV patients. In addition, the LEfSe analysis indicated that Bacteroidales (order), Prevotellaceae (family), Prevotella (genus), Prevotella bivia (species), Anaerococcus octavius (species), Obscuribacterales (order) and Reyranella massilliensis (species) were markedly higher in the IAVS group (P<0.05), while Lactobacillus iners (species), Firmicutes (phylum), Bacilli (class), Lactobacillales (order), Lactobacillaceae (family) and Lactobacillus (genus) were significantly higher in the HVS group (P<0.05).
Composition of the microbial community in the HVS and IAVS groups at the phylum level. As presented in
Composition of the microbial community in the HVS and IAVS groups at the genus level. Similar to
Discussion
As one of the most common diseases of the reproductive system in fertile women, the incidence of IUA is leading to an increase in intrauterine surgeries (e.g., hysteromyomectomy, dilation and curettage) (20) . Although transcervical resection of the adhesion has been widely applied in the treatment of moderate and severe IUA (5), the high postoperative recurrence rates and low pregnancy rates presents a great challenge for clinical management (21) .
Although the uterus is considered a sterile tissue, serious pathological changes of the uterine tissue of patients with IUA have a great influence on the blood supply, inflammatory and immune status and homeostasis of the uterine tissue (20) . In addition, systemic disorders undoubtedly influence the microbial composition of the vagina. To date, many studies have been carried out to study the role of the vaginal microbiota in cancer, vaginal infection, abortion, sterility and menstrual disorders (9, (22) (23) (24) (25) (26) (27) ; however, no studies have explored the interaction between IUA and the vaginal microbiota.
In the present study, high-throughput sequencing was used to evaluate the effect of IUA on vaginal microbial diversity. A total of 80 fertile women (50 patients with IUA and 30 healthy women) were recruited, and vaginal samples of 20 healthy women (HVS group) and 20 mid-grade patients with IUA (IAVS group) were used for microbial evaluation. A total of 12,266 OTUs were obtained from all samples, and the average OTU number in each group was 306.65 (Table II) . Although the Venn results indicated that the OTU numbers in the HVS and IAVS groups were 1,540 and 1,360, respectively, the findings for α-diversity of the observed species, Shannon index and Simpson index indicated that there was no significant difference between the groups. Therefore, IUA did not alter the microbial species between healthy women and those with IUA ( Fig. 1) .
When microbial communities were compared between the HVS and IAVS groups at the phylum level, it was observed that Firmicutes and Actinobacteria were the predominant phyla in the two groups. Firmicutes was markedly higher in the HVS group than in the IAVS group, while Actinobacteria was significantly lower in this group (P<0.05; Fig. 2 ). The Firmicutes usually have a Gram-positive cell wall structure, and most Firmicutes can produce endospores to defend against desiccation in extreme conditions. Thus, this phylum can be found in various environments, and is known to play an important role in beer, wine and cider spoilage (28) . Moreover, Firmicutes constitute the largest portion of the mouse and human gut microbiota involved in energy resorption, and previous studies have confirmed that Firmicutes are part of a normal, healthy placental microbiome (29) . Actinobacteria is another phylum of Gram-positive bacteria, and they are of great economic importance to humans due to their role in agriculture and forests, specifically their contribution to soil systems; however, some genera living in human faeces and vaginal sections have been reported to be harmful for human health (11, (23) (24) (25) 30) .
At the genus level, Lactobacillus was clearly the dominant bacteria in the vaginal samples of healthy women, with a marked reduction in their percentage in the IAVS group accompanied by the overgrowth of pathogenic Gardnerella and Prevotella genera (P<0.05; Fig. 3 ). As in the intestines, disruption of the vaginal microbiota can lead to infection (31) (32) (33) , and previous studies have consistently indicated that vaginal microbiota dominated by Lactobacillus was linked to good vaginal health (31, 34) . Lactobacilli in the vagina could protect the female urogenital tract against pathogen colonisation, and these bacteria can protect the female genitourinary tract against infections and help maintain a healthy genital system (9, 35) . Therefore, the significant reduction in Lactobacillus and overgrowth of Gardnerella and Prevotella observed in patients with IUA would disrupt the microbial homeostasis; however, 7 patients with IUA still possessed a high number of Lactobacilli in their vaginal samples, indicating that vaginal microbiota disorder only occurred in some patients with IUA. Future studies will focus on the differences in prognosis and recurrence between patients with IUA with high and low percentages of Lactobacillus, initially in an animal model and subsequently in volunteers. The β-diversity between HVS and IAVS groups was also compared using PCoA analysis, and it was revealed that ~50% of samples in the IAVS group (10/20) were scattered far away from the HVS groups, indicating that IUA altered the ratio of certain bacteria (Fig. 4) .
In the present study, our group firstly explored the interaction between IUA and the vaginal microbiota using high-throughput sequencing technology, revealing that IUA significantly reduced the percentage of Lactobacillus and significantly increased Gardnerella and Prevotella in ~50% of patients with IUA, which may worsen the degree of IUA and increase the risk of recurrence. Therefore, supplementation of vaginal Lactobacillus during IUA treatment may help accelerate recovery and reduce the recurrence of IUA. However, due to the limited sample size of patients in the current study, a larger number of patients is required to obtain a more confident result.
